ABSTRACT Day-old male broiler chicks were randomly assigned to 32 floor pens in a completely randomized block design and grown to 6 wk of age. Birds in experiment 1 were fed 1 of 2 basal diets supplemented with or without a protease containing feed additive, Versazyme (VZ). The 4 treatments were 1) control (C), a cornsoybean meal diet that contained 95% of amino acids recommended by NRC except for threonine and isoleucine; 2) C + 0.1% VZ (wt/wt) (C+) in the starter diet only; 3) high (HP) amino acid diet, a corn-soybean meal diet with 100 to 105% of amino acid recommended by NRC except for threonine and isoleucine; and 4) HP + 0.1% VZ (wt/wt) (HP+) in starter diet only. Supplementing
INTRODUCTION
Over the past 2 decades, the use of enzymes in animal feeds has received much attention by the animal industry. Early studies indicated that the inclusion of supplemental proteases, α-amylases, β-glucanases, and mixed enzymes might have a positive influence on animal growth (Merstad and McNab, 1975; Moss et al., 1977; Pettersson and Aman, 1989) and increase the availability of nutrients (Walsh et al., 1993) . Recently, enzymes including endoxylanases and endomannanases have produced significant improvements in growth performance of poultry when supplemented to diets high in wheat and soybean meal (Odetallah, 2000; Odetallah et al., 2002a,b) .
Young growing birds require relatively high amounts of protein in their diets for optimal growth. The newly hatched chick has an incompletely developed gut. However, during the first few days of life, the small intestine develops rapidly and preferentially (Uni et al., 1998a,b) . Accompanying this fast growth is an increase in intestinal digestive enzymes production (Uni et al., 1998a) . Most of 2005 Poultry Science Association, Inc. Received for publication July 15, 2004 . Accepted for publication March 3, 2005. 1 To whom correspondence should be addressed: nasser@ briworldwide.com.
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both diets with VZ improved BW and feed conversion ratio (FCR) at 21 d of age and BW at 42 d of age. Cumulative 42-d FCR was only improved in birds fed the HP+ diet. Birds in experiment 2 received the following treatments: 1) HP, 2) HP + 0.1% VZ batch A (wt/wt) (A) in starter diet only, and 3) HP + 0.1% VZ batch B (wt/wt) (B) in starter diet only. Enzyme supplementation improved 22-d BW and FCR. There was no significant difference in BW at 43 d of age. Both A and B improved overall FCR (1.758 and 1.751 vs. 1.79 for A and B vs. HP, respectively). In conclusion, supplementation of starter broiler diets with VZ resulted in improved market growth performance.
the protein in the diet is obtained from traditional feed ingredients such as soybean meal. Soybean meal (48% CP content) is highly digestible (Van Kempen et al., 2002; Huang et al., 2003) . Corn contains a relatively low amount of dietary protein (8.5 to 8.8%), but due to high inclusion in poultry diets it contributes to a major part of the protein in the diet. The true digestibility of amino acids present in corn is high in chickens, and except for lysine, digestibility could be as equivalent to that of soybean meal (NRC, 1994) . Although the traditional corn-soybean meal broiler starter diets are considered highly digestible, they may contain a variety of complex proteins that may not be easily digested by the young chick due to the rapid food passage rate and the deficiency of the necessary innate enzymes at early stages of life (Uni et al., 1999) . The use of proteases as feed additives has been suggested by many researchers, but much of the early work with protease addition to cereal-based diets resulted in no improvements in bird performance (Jensen et al., 1957) .
Recently, supplementation of broiler diets with proteases and amylases has produced significant improvements in growth performance (Café et al., 2002; Green-wood et al., 2002; Odetallah et al., 2003) . Greenwood et al. (2002) reported that supplementing a corn-soybean broiler starter diet with a mixture of xylanase, protease, and amylase improved BW at 14 and 42 d of age with no significant effects on feed conversion ratio (FCR). Most recently, we reported a significant improvement in growth performance and a significant drop in the viscosity of gut contents at 21 and 25 d of age in broilers upon supplementing low protein diets with a keratinase-based fermentation product (Odetallah et al., 2003) . Diets containing very low protein are more responsive to protease addition. The significant response in growth performance does suggest a protein-sparing effect by keratinase. Although corn-soybean meal diets are highly digestible by poultry, the possibility of improvement may still exist.
The PWD-1 keratinase is an enzyme that was originally purified from the growth medium of Bacillus licheniformis PWD-1 (Williams et al., 1990; Lin et al., 1992) . PWD-1 keratinase hydrolyzes a broad range of protein substrates including casein, collagen, elastin, and keratin and displays high proteolytic activity toward all substrates tested (Shih, 2001) . Results from previous studies using PWD-1 keratinase as a feed additive in starter diets of broiler chickens showed significant improvements in growth performance at 21 and 26 d of age (Odetallah et al., 2003) . In those studies, low protein starter diets (18 to 21% CP) were supplemented with PWD-1 keratinase. Protein content of the low protein diets was reduced to 18% by direct dilution of a corn-soybean basal diet (21% CP) using cornstarch as 16.6% of the diet.
Earlier work with the PWD-1 keratinase only tested the growth performance of chicks up to 21 or 26 d of age when birds received starter diets only. Being a protease, the product was expected to improve the growth performance of birds receiving low protein diets especially at early stages of life when innate digestive enzymes are limited. Previous work (Odetallah et al., 2003) indicated an improvement in BW and FCR at 21 and 26 d of age, but the birds were not allowed to grow older. In this study, the growth performance will be observed at market age while the supplementation is only fed through the starter period. Including a feed additive only in the starter diet will incur minimum costs to the producer because the feed consumed by birds in the first 3 wk after hatch is only 20% of total feed consumed to market age. However, whether the improvement in growth will be carried to market age while discontinuing the supplementation is not known. We hypothesize that the effect of the protease will carry to market age once it is supplemented at early stages of growth. Versazyme (VZ) is a commercial feed additive with PWD-1 keratinase activity. Therefore, the objective of this study was to determine the efficacy of VZ supplementation in starter feed on market growth performance of broiler chicks fed low protein diets supplemented with purified amino acids.
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MATERIALS AND METHODS

Birds and Housing
Two experiments were conducted in accordance with the Institutional Animal Care and Use Committee guidelines and procedures (Federation of Animal Sciences Societies, 1999) .
In each experiment, 1-d-old male Arbor Acre broiler chicks were weighed and randomly assigned to 32 floorpens in a completely randomized block design of 4 blocks according to pen location in the house. Birds were weighed, neck-tagged, and introduced to the experimental treatments at 1 d of age. In experiment 1, treatments were replicated 8 times with 25 birds per replicate pen in a 2 × 2 factorial arrangement of 2 diets and 2 levels of VZ.
2 Each pen was 3.66 m long and 1.21 m wide, providing an area of 0.177 m 2 /bird. In experiment 2, treatments were randomized to 4 blocks where the control treatment was replicated 12 times, and the 2 treatment groups were replicated 10 times. The individual pen represented the experimental unit and contained 40 birds. Each pen was 3.66 m long and 1.21 m wide, providing an area of 0.11 m 2 per bird. Birds in both experiments were housed at different times in the same commercial style, open-sided house with drop-curtains, supplemental heat and ventilation and grown over used wood shavings litter that was top dressed with 5 cm of new wood shavings. Birds received a 23-hour light/ 1-hour dark program. During the experimental period birds were provided feed ad libitum in cone feeders and water by nipple drinkers.
Enzyme
For experiment 1, VZ was produced with a 150-L fermentor at the Department of Poultry Science at North Carolina State University as previously described (Wang and Shih, 1998) . Briefly, B. licheniformis PWD-1 (Williams et al., 1990) was grown in the fermentor at 50°C for 48 h. The cell-free media were concentrated by membrane ultrafiltration and freeze-dried. In experiment 2, two batches of VZ were used. Both batches were produced separately in a 750-L fermentor in a commercial fermentation facility and spray-dried. In all batches, the crude keratinase had a guaranteed activity of no less than 600,000 U/g and no more than 660,000 U/ g as measured by the hydrolysis of azo-keratin (Lin et al., 1992) .
Dietary Treatments
All diets were formulated using least-cost linear programming software and are presented in Table 1 . Two diets were used in experiment 1 and only one diet was used in experiment 2. Both diets contained lower CP than recommended by NRC 1994 (Table 1 ). The diets contained 95% (C) or 105% (HP) lysine and sulfur amino acids according to NRC (1994) recommendations. The C diet was deficient in threonine and isoleucine in all feeding phases. HP diet was deficient in isoleucine in the starter phase Contained 105% of lysine requirement according to NRC (1994) . Diet used in experiments 1 and 2. The HP formulation was the only diet used in experiment 2. The HP diet was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases. Versazyme was added to the starter feed in both experiments. The selenium premix provided 0.2 mg of Se/kg of diet as Na 2 SeO 3 .
and deficient in threonine in the 3 phases. Birds received a 3-phase feed regimen in both experiments: starter feed (0 to 21 d), grower feed (22 to 35 d), and finisher feed (35 to 42 or 35 to 43 d of age in experiments 1 and 2, respectively). Feed was pelleted and then crumbled for starter diets in both experiments and fed as pellets for the grower and finisher feeds. VZ was added only to the starter feed in both experiments. VZ dosage was dissolved in deionized water at 1 g / 20 mL of water prior to feed application. A spray bottle was used to apply the enzyme solution on top of the crumbled feed at 20 mL of enzyme preparation/kg of diet; the diet was then mixed with a 454-kg horizontal feed mixer. The final rate of inclusion was 1 g of VZ/ kg of diet (wt/wt). Experiment 1. Birds were fed 1 of 2 basal diets with or without enzyme supplementation in a 2 × 2 factorial arrangement. Thus, a pen of broiler chicks was placed on 1 of 4 dietary treatments based on corn and soybean meal: 1) low amino acid (C) diet, 2) treatment 1 plus 0.1% VZ (C+), 3) higher amino acid (HP) diet, and 4) higher amino acid diet plus 0.1% VZ (HP+). Enzyme was included in C+ and HP+ only until 21 d of age. C+ was changed to C from 22 to 42 d, and HP+ was changed to HP from 22 to 42 d. The finisher diets contained same amount of CP in all diets (16.9%) but maintained the difference in amino acid content between the 2 basal diets. Experiment 2. Feed processing and feed phases were the same as in experiment 1. Enzyme was applied using the same procedure as in experiment 1. In this experiment, birds were assigned to treatments in a completely randomized block design of 3 treatments and 4 blocks according to location of the pens in the house. Birds were fed 1 basal diet with or without 1 of 2 fermentation batches of VZ. The dietary treatments were 1) unsupplemented (HP, same as treatment 3 in experiment 1), 2) same as diet 1 plus 0.1% VZ (wt/wt) batch A in the starter feed only (A), and 3) same as diet 1 + 0.1% VZ (wt/wt) batch B in the starter feed only (B). Batches A and B were 2 separate fermentation batches of VZ, differing only in time of fermentation. At 22 d of age, birds in treatments 2 and 3 were switched to the basal enzyme-free diet.
Data Analysis
Body weights and feed consumption (FC) were recorded at the end of each feeding phase. Birds were weighed at 21, 35, and 42 d in experiment 1 and at 22, 36, and 43 d of age in experiment 2. The FCR, corrected Versazyme was added (+) or not added (-) to the feed at 0.1% (wt/wt). The control diet (C) was a low amino acid diet providing 95% of lysine according to NRC (1994) recommendations. The HP diet contained 105% of lysine requirement according to NRC (1994) but was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases.
for mortality and culls, was calculated. Mortality was recorded daily. Body weight, FC, and FCR were analyzed statistically using the GLM procedures of SAS software (SAS Institute, 1996) . Data obtained from experiment 1 were analyzed as a 2 × 2 factorial arrangement in a randomized block design, whereas data obtained from experiment 2 were analyzed as a randomized block design. The means were separated using least significant difference. Statements of significance were based on P ≤ 0.05.
RESULTS AND DISCUSSION
Experiment 1
There were significant main effects of diet and VZ supplementation on BW at 21, 35, and 42 d of age. There was no diet × VZ interaction (Table 2) . Birds fed the HP diet had a higher BW than the birds fed the C diet through out the trial (Table 2) . Supplementation of both diets with VZ improved BW at 21 d. Although VZ supplementation was discontinued at 21 d, the effect was carried over to the end of the trial. It is noteworthy to mention that birds fed C+ diet had the same BW at market age as birds fed the The control diet (C) was a low amino acid diet providing 95% of lysine according to NRC (1994) recommendations. The HP diet contained 105% of lysine requirement according to NRC (1994) but was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases.
HP diet. VZ might have helped increase the availability of some of the amino acids present in the low amino acid diet, thus suggesting a protein-sparing effect by VZ. A recent trial with 3 different levels of CP and amino acids (95, 100, and 105%) according to industry standards indicated a similar response upon supplementation with VZ. The 95% amino acid diet + VZ gave the same growth performance as the 100% without VZ supplementation (N. H. Odetallah, J. J. Wang, J. D. Garlich, and J. H. Shih, 2005 , unpublished data).
There was no main effect of diet or an interaction of diet × VZ on FC at any time during the trial. VZ supplementation resulted in increased cumulative FC in both diets at 21 and 35 d of age (Table 3) . Neither the amino acid content nor the enzyme supplementation had any significant effect on FC to 42 d.
There was an effect of diet (P < 0.01) on FCR at 21 d of age and for the overall FCR at the end of the experiment (42 d). Birds receiving the HP diet had a better FCR than those receiving the C diet throughout the experiment. There was a significant main effect of VZ regardless of the diet fed. VZ supplementation resulted in significant improvements in FCR at 21 d of age and was carried out Versazyme was added (+) or not added (-) to the feed at 0.1% (wt/wt). The control diet (C) was a low amino acid diet providing 95% of lysine according to NRC (1994) recommendations. The HP diet contained 105% of lysine requirement according to NRC (1994) but was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases.
to the end of the trial. At the end of the trial, the effect of VZ was more pronounced in birds receiving the HP diet (1.757 vs. 1.842 for HP+ vs. HP). There was no interaction between diet and VZ. Regardless of diet, VZ always improved FCR.
Results of a study by Si et al. (2001) suggested that BW or FCR of broiler chickens at 21 or 42 d might be improved by lysine levels in excess of NRC (1994) recommendations but not at older ages. Labadam et al. (2001) also indicated that levels of lysine as high as 1.28, 1.32, and 1.21% may be required for the first 2 wk after hatch for optimum BW gain, breast muscle yield, and feed:gain, respectively. Our HP diet contained 105% lysine according to NRC (1994) recommendations, whereas the C diet maintained 95% of the lysine requirement throughout the different feeding phases with deficient threonine and isoleucine contents. Although HP diet was deficient in threonine and isoleucine in the starter phase, it was deficient only in threonine during growing and finishing phases. The higher lysine content of HP diet may explain the improved performance over that of the C diet in our experiment. Addition of VZ may have improved protein digestibility in the C diet so that performance was equivalent to the HP diet (Tables 2 and 4 ).
Experiment 2
There was no difference between the 2 batches (A and B) of VZ. Similar to the results obtained in experiment 1, birds receiving the VZ supplemented feed (both A and B) showed a significant improvement in BW (Table 5) There was no significant difference in FC among the 3 treatments (Table 6 ). However, birds receiving VZ showed a significantly lower FCR than the HP at 22 d of age (Table 7) . VZ supplementation, regardless of batch, had an overall significant effect on cumulative FCR (0 to 43 d) at the end of the trial (1.758 and 1.751 vs. 1.786 for A and B vs. HP, respectively).
Findings of this experiment confirm those of experiment 1. Diets used in these experiments were typical corn-soybean meal diets similar to those used by broiler producers on the US eastern coast but were formulated to lower CP content. Supplementation of diets with VZ did improve the BW and FCR of these lower protein diets, which suggests that VZ may improve protein digestibility or utilization.
The use of enzymes and enzyme mixtures has been reported to improve the overall performance in poultry (McKnight, 1997; McCracken et al., 1999; Jansman et al., 1999; Mathlouthi et al., 1999) . Improvement is often attributed to the degradation of nonstarch polysaccharides (Odetallah, 2002) and improving the digestion and absorption of nutrients, such as amino acids and energy (Oloffs et al., 1999; Mathlouthi et al., 1999; , protein (Oloffs et al., 1999) , and fats (Francesch et al., 1999) .
Little research involving mixtures of enzymes, including proteases, has been reported in the past (Jensen et al., 1957) . However, more research has been directed toward the study of proteases in poultry feed in the past 10 yr (Café et al., 2002; Greenwood et al., 2002) . Recently, we Means in the same column with differing superscripts are significantly different (P ≤ 0.05). Versazyme was added to the starter feed only at 0.1% (wt/wt).
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The HP diet contained 105% of lysine requirement according to NRC (1994) but was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases. A and B were 2 separate batches of Versazyme produced at different times. Versazyme was added only to the starter feed at 0.1% (wt/wt).
The HP diet contained 105% of lysine requirement according to NRC (1994) but was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases. A and B were 2 separate batches of Versazyme produced at different times. (Odetallah et al., 2003) reported that the use of the crude fermentation product, keratinase, improved growth performance and reduced gut digesta viscosity in broiler chickens grown in cages up to 25 d of age. However, Odetallah et al. (2003) used diets containing 18% CP with amino acids ranging from 78 to 88% of NRC (1994) requirements or 21% CP diets with 100% of NRC (1994) amino acids requirements. Research reported here tested diets that are low in CP but had higher than recommended amino acid contents for lysine and sulfur amino acids (HP diet), and birds were grown to market weight. Research reported in this manuscript confirms the findings of Odetallah et al. (2003) and further illustrates that the use of VZ only in broiler starter diets improves growth performance up to market age. The improvement in growth performance was significant in experiment 1 but not in experiment 2. Diets used in both experiments were corn-soybean diets with no supplementary by-products or feed additives. Such diets are among the most efficient diets for poultry (NRC, 1994) . The possibility of improving the digestibility of such diets is limited. In a recent digestibility trial, we found that the apparent nutrient digestibility of a similar corn-soybean broiler starter diet was improved by the use of VZ (unpublished data). Therefore, given the fact that 21-d supplementation im- Means in the same column with differing superscripts are significantly different (P ≤ 0.05). Versazyme was added only to the starter feed at 0.1% (wt/wt).
The HP diet contained 105% of lysine requirement according to NRC (1994) but was deficient in isoleucine in the starter phase and deficient in threonine in the 3 phases. A and B were 2 separate batches of Versazyme produced at different times.
proved market performance, prolonging the period of supplementation might further improve the growth performance of broiler chickens.
Supplementation of VZ to corn-soybean based broiler starter diets improved chick growth performance up to market age. Body weight gains and feed conversion rates were generally improved by the dietary supplementation. VZ supplementation at 0.1% (wt/wt) resulted in better growth performance of broiler chicks fed diets containing optimum amino acids. Longer periods of supplementation with VZ might be needed to fully demonstrate the effect in broiler chickens.
